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PRIMER COMPOSITION FOR GLASS 
BONDING 

CLAIM OF BENEFIT OF FILING DATE 

The present application claims the bene?t of the ?ling date 
of US. Provisional Application Ser. No. 60/ 828,279, ?led 
Oct. 5, 2006, Which is hereby incorporated by reference for all 
purposes. 

FIELD OF THE INVENTION 

This invention relates to a surface bonding agent, and more 
particularly to a primer for bonding one or more sealants to a 
non-porous substrate, such as for bonding a glass panel to an 
automotive vehicle. 

BACKGROUND OF THE INVENTION 

In the ?eld of glass bonding, there is a need for a bonding 
agent, and particularly a primer, Which can be used under a 
range of conditions. One desired function of the bonding 
agent is to treat the glass surface to ensure a tenacious bond 
betWeen the glass and sealant (e.g., adhesive). In one appli 
cation, adhesive or other sealant Will be applied shortly after 
the bonding agent is applied. In other applications the adhe 
sive or other sealant is applied after a considerable period of 
time has elapsed. It is important in all of these applications 
that the bonding agent is functional at the time When the 
adhesive or sealant is applied. It is common to refer to the 
useful pot life of the bonding agent as its open time. This 
generally refers to the time betWeen initiation of polymeriza 
tion of the bonding agent and the time at Which an adhesive or 
other sealant can no longer be applied to the bonding agent 
and used optimally for bonding. For present glass bonding 
purposes (particularly for automotive applications), gener 
ally, optimum bonding use requires that the failure mode of 
the adhesive or other sealant to the bonding agent be predomi 
nantly cohesive, and more speci?cally, substantially entirely 
cohesive. 

For example, it is common in one component primers to 
have an open time that is shorter than 20 seconds. Thus, to 
help assure that the failure mode of the adhesive or other 
sealant to the bonding agent is substantially entirely cohesive, 
the application of the adhesive or other sealant to the bonding 
agent should occur Within 20 seconds of bonding agent appli 
cation. For a long open time primer, typically a tWo compo 
nent material, an elapsed time betWeen application of primer 
and application of adhesive thereto typically may exceed 90 
days. Unfortunately, many tWo component primers require 
additional steps labor and handling. 

Examples from the literature addressing primer materials 
in this ?eld include Published US. Patent Application Nos. 
US20010041782A1, 20030100676A1; US. Pat. Nos. 5,010, 
202; 4,874,805; 4,396,681; 4,367,313; 6,875,470; EP Patent 
No. 1217049A1; JP Patent Application Publication Nos. 
JP2003-336008, JP2003-128988, JP2002-309182, and 
JP2002-309163, all of Which are hereby expressly incorpo 
rated by reference. 

SUMMARY OF THE INVENTION 

The present invention is directed at improved bonding 
agent compositions for bonding one or more adhesives or 
other sealants to a non-porous substrate, such as a primer for 
bonding a glass automotive Windshield to an automotive 
vehicle. 
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2 
In one broad aspect, the invention is directed at composi 

tions that have open times ranging from about 20 seconds to 
about 90 days or even to about 180 days or even longer (e. g., 
to about 180 days or longer). Open times of at least about 30 
seconds are possible, as are open times of at least about 1 
minute, about 5 minutes, about 15 minutes, about one-half 
hour, about 1 hour, about 8 hours, about 24 hours, about 1 
Week, about 2 Weeks or even at least about 4 Weeks or longer. 
Desirably, the primers of the invention are one-component 
primers, although the primers disclosed herein can be used in 
a tWo-component primer system. 

In a more speci?c aspect, the compositions herein com 
prise at least tWo functional groups, namely a ?rst functional 
group (e.g., at least one functional group containing silicon, 
and more speci?cally a silylated polymer) for forming a tena 
cious bond With a glass substrate to Which it is applied; and a 
second functional group for enabling a reaction With a func 
tional group of an adhesive. For example, desirably, the poly 
mer further contains at least one amine functionality for react 
ing With an adhesive, preferably a polyurethane adhesive 
containing isocyanate functionality. In one aspect of the 
invention, the at least one amine functionality for the primer 
composition is obtained from a reaction betWeen an amino 
silane and an epoxy silane. 

Accordingly, in one embodiment, the compositions of the 
present invention comprise an effective amount (e.g., from 
about 3 to 60% by Weight of the total primer Weight) of a ?rst 
polymer, the ?rst polymer comprising the reaction product of: 
a) from about 15 to 85% by Weight, based on the total Weight 

of the ?rst polymer, of a ?rst oligomer, Wherein the ?rst 
oligomer comprises the reaction product of: 
i. an epoxy functional silane having an epoxy functionality 

of about 1, and 
. a monomer having an amine functionality greater than 1, 
reacted at a ratio such that the ?rst oligomer contains 
reactive functional groups selected from primary amine, 
secondary amine, hydroxyl or any combination thereof; 
and 

b) from about 15 to 85% by Weight, based on the total Weight 
of the ?rst polymer, of a second oligomer, Wherein the 
second oligomer comprises the reaction product of: 
i. a monomeric isocyanate having functionality of greater 

than about 1.9, 
ii. and a monomer having an active hydrogen, and particu 

larly a single active hydrogen, Which can react With the 
isocyanate, 

Wherein the ?rst oligomer and the second oligomer are 
reacted in a ratio such that the second oligomer contains 
reactive isocyanate functionality; and the ?rst polymer is 
substantially devoid of free isocyanate functionality. 

ii 

DETAILED DESCRIPTION OF THE INVENTION 

The teachings herein are illustrated With reference to a 
speci?c illustrative one component composition, it being rec 
ogniZed that variations (including later discovered functional 
components) are possible and also Within the scope of the 
invention. 
The present invention is predicated upon the surprising 

discovery of a composition and method that has utility in 
priming applications, particularly in glass bonding applica 
tions, over a range of useful open times. That is, the primers of 
the present invention can be used in applications requiring an 
open time from about 20 seconds to about 90 days, or even 
longer (e.g., to at least about 180 days). Desirably these 
primers are one-component primers and as such, do not 
require further mixing by the end-user prior to application to 
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a surface, but still exhibit relatively long open times, particu 
larly as compared With previous one component primers. 

In one embodiment, the compositions of the present inven 
tion comprise from about 3 to 60% by Weight of the total 
primer Weight, of a ?rst polymer, the ?rst polymer comprising 
the reaction product of: 
a) from about 15 to 85% by Weight, based on the total Weight 

of the ?rst polymer, of a ?rst oligomer, Wherein the ?rst 
oligomer comprises the reaction product of: 
i. an epoxy functional silane having an epoxy functionality 

of about 1, and 
ii. a monomer having an amine functionality greater than 1, 

reacted at a ratio such that the ?rst oligomer contains 
reactive functional groups selected from primary amine, 
secondary amine, hydroxyl or any combination thereof; 
and 

b) from about 15 to 85% by Weight, based on the total Weight 
of the ?rst polymer, of a second oligomer, Wherein the 
second oligomer comprises the reaction product of: 
i. a monomeric isocyanate having functionality of greater 

than about 1.9, 
ii. and a monomer having an active hydrogen, and particu 

larly a single active hydrogen, Which can react With the 
isocyanate, 

Wherein the ?rst oligomer and the second oligomer are 
reacted in a ratio such that the second oligomer contains 
reactive isocyanate functionality; and the ?rst polymer is 
substantially devoid of free isocyanate functionality. 

As Will be seen, another Way of describing one of the 
preferred compositions herein is as a bonding agent that 
includes an epoxy functional silane (e.g., one selected from 
glycidoxyalkyl trialkoxysilanes, beta-(3,4-epoxycyclohexyl) 
ethyltrimethoxysilane or a combination thereof); an amine 
functional component (e.g., a component selected from the 
group comprising of an alkyldiamine, an aryldiamine, an 
alkoxydiamine, an amine functional alkoxy silane, and any 
combination thereof; an alkoxy silane (e.g., a mercapto-tri 
alkoxy-silane, an amino-trialkoxy silane or a combination 
thereof); and optionally ethylene diamine. An isocyanate also 
may be present. 

The ?rst polymer Will have reactive functional groups 
similar to the functional groups of the ?rst oligomer. In the 
present invention the reactive function groups of the ?rst 
polymer can be primary amines, secondary amines, hydroxyl 
groups, or any combination thereof. Preferably, the reactive 
functional groups of the ?rst polymer Will include or even 
may consist of secondary amines and hydroxyl groups. Desir 
ably, the ?rst polymer also has alkoxysilane functionality that 
is hydrolysable, for example in the presence of atmospheric 
moisture. 
As described above, the ?rst oligomer comprises the reac 

tion product of an epoxy functional silane and an amine 
functional monomer. The ?rst component of the ?rst oligo 
mer, namely the epoxy functional silane preferably has a 
molecular Weight of less than about 1000, and more prefer 
ably has a molecular Weight, less than about 400 (eg about 
240). The number of epoxy groups per molecule of the epoxy 
functional silane desirably is less than about 1.5, more pref 
erably is less than about 1.2, and most preferably is less than 
about 1.1 (e.g., the epoxy groups per molecule is about 1). 
Examples of suitable epoxy functional silanes include glyci 
doxyalkyl trialkoxysilanes such as gamma-glycidoxypropyl 
trimethoxysilane, Which has a molecular Weight of about 236 
and is commercially available as Silquest A-187 from Gen 
eral Electric. Another example of a monofunctional epoxy 
silane is beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane 
Which is commercially available as SilquestA-186 from Gen 
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4 
eral Electric. Another example of a monofunctional epoxy 
silane is Wetlink TM-78 (Mol. Wt: 220) gamma-glycidox 
ypropyl triethoxysilane from General Electric. 

Thus, the epoxy functional silane may be selected from 
glycidoxyalkyl trialkoxysilanes, beta-(3,4-epoxycyclohexyl) 
ethyltrimethoxysilane or a combination thereof. 
The second component of the ?rst oligomer, namely the 

monomer having an amine functionality greater than 1, desir 
ably is a polyol or an amine functional monomer selected 
from the group consisting of an alkyldiamine, an aryldiamine, 
an alkoxydiamine, an amine functional alkoxy silane, and any 
combination thereof. In one embodiment, the second compo 
nent of the ?rst oligomer is preferably an aminosilane con 
taining a total of at least tWo amines selected from a primary 
amine, a secondary amines, or any combination thereof. The 
average number of extractable hydrogen molecules attached 
to the nitrogen atoms in the amine functional monomer is 
desirably greater than about 1.5, more preferably is at least 
about 2, and more preferably is at least about 3, (eg about 4). 
Examples of amine functional alkoxy silanes include gamma 
aminopropyltriethoxysilane (commercially available as 
Silquest A-1100 from General Electric), gamma-aminopro 
pyltrimethoxysilane (commercially available as Silquest 
A-1110 from General Electric), N-beta-(aminoethyl) 
gamma-aminopropyltrimethoxysilane (commercially avail 
able as SilquestA-1120 from General Electric and as Dynasi 
lan DAMO-T from Degussa), a triaminofunctional silane 
(commercially available as Silquest A-1130 from General 
Electric), and N-beta-(aminoethyl)-gamma-aminopropylm 
ethyldimethoxysilane (commercially available as Silquest 
A-2120 from General Electric). Thus, the amine functional 
monomer may be selected from gamma-aminopropyltri 
ethoxysilane, gamma-aminopropyltrimethoxysilane, N-beta 
(aminoethyl)-gamma-aminopropyltrimethoxysilane, a tri 
aminofunctional silane, N-beta-(aminoethyl)-gamma 
aminopropylmethyldimethoxysilane or any combination 
thereof. 

In one preferred embodiment, the ?rst oligomer comprises 
the reaction product of an epoxy silane and an amino silane 
(speci?cally, a compound containing at least one silane group 
per molecule, and at least tWo primary, secondary, (or at least 
one of each) amino groups per molecule), such as is taught in 
Us. Pat. Nos. 5,468,317 and 4,960,809, Which are hereby 
incorporated by reference. Those patents describe examples 
of suitable reactions of an amino silane and an epoxy silane 
for use in a primer and list amino silanes and epoxy silanes 
Which may be suitable for the present invention. U.S. Pat. No. 
6,828,403, Which is hereby incorporated by reference, further 
lists amino silane molecules Which may be suitable for the 
present invention. 
The ?rst oligomer can be prepared by combining the epoxy 

functional silane monomer and the second monomer (the 
polyol or amine functional monomer). These ingredients can 
be combined or mixed using any conventional process, 
Wherein such process may include heating steps and cooling 
steps. Steps to minimiZe the presence of moisture may also be 
taken, including drying of the monomers, drying of any sol 
vents or additives Which may be employed, and mixing in a 
moisture free vesicle. The concentration of the epoxy func 
tional silane monomer that is useful in this invention is from 
about 15% to about 85% by Weight, based on the total Weight 
of the ?rst oligomer. Preferably, the concentration of the 
epoxy functional silane is from about 35% to about 75% by 
Weight, based on the total Weight of the ?rst oligomer, and 
more preferably is from about 45% to about 65% by Weight. 
The concentration of the second monomer that is useful in this 
invention is from about 15% to about 85% by Weight, based 
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on the total Weight of the ?rst oligomer. Preferably the con 
centration of the second monomer is from about 25% to about 
65% by Weight, based on the total Weight of the ?rst oligomer, 
and more preferably is from about 35% to about 55%. As 
mentioned before, it is desirable that essentially all of the 
epoxide groups are reacted in forming the ?rst oligomer. It is 
also desirable that the ?rst oligomer molecules have residual 
amine groups selected from primary amine, secondary amine 
or combinations thereof. Preferably the average number of 
primary and secondary amine groups remaining per molecule 
of the ?rst oligomer is greater than about 0.5, more preferably 
greater than about 0.9, and mo st preferably greater than about 
1, (eg about 2). 
The second oligomer used in preparing the ?rst polymer 

comprises a reaction product of a third and a fourth compo 
nent, and speci?cally components that are monomers. The 
third component desirably is a monomer that contains isocy 
anate functionality. The isocyanate functionality preferably is 
at least about 2, more preferably greater than about 2, and 
most preferably at least about 3 (e. g. about 3, or even about 4 
or higher). The molecular Weight of the third component (the 
isocyanate functional monomer) is desirably less than about 
2000, and more preferably less than about 800 (eg about 
200). Examples of suitable monomers for use as the third 
component of the present invention include aliphatic polyiso 
cyanates, aromatic polyisocyanates, and cycloaliphatic poly 
isocyanates, or any combination thereof. Materials particu 
larly suitable for use in the present invention include 
diisocyanates. Examplary diisocyanates Which ?nd utility in 
this invention include trimethyl diisocyanatohexane (TMDI), 
diphenylmethane diisocyanate (MDI), isophorene diisocyan 
ate (lPDl), hexamethylene diisocyanate (HDI), toluene diiso 
cyanate (TDI) or any combination thereof. 

The fourth component desirably is a monomer that con 
tains an active hydrogen Which can react With the isocyanate 
group of the third component. Preferably there is about one 
active hydrogen per molecule of the fourth component. The 
active hydrogen desirably is provided from a functionality 
selected from the group consisting of hydroxy (40H), sec 
ondary amine (iNH), sulfhydryl (iSH) and any combina 
tion thereof. In one embodiment the fourth component is a 
silane that has an active hydrogen atom Which is reactive With 
the isocyanate moiety of the third component. Preferably 
such silane is a mercapto-silane, an amino-silane or a com 

bination thereof, and more preferably it is a mercapto-tri 
alkoxy-silane, an amino-trialkoxy silane or a combination 
thereof. One such exemplary fourth component is mercapto 
propyl trimethoxysilane (commercially available as Dynasi 
lanTM MTMO from Degussa and as SilquestTM A-189 from 
General Electric). Another exemplary fourth monomer is bis 
(gamma-trimethoxysilylpropyl)amine Which contains a sec 
ondary amine and is commercially available as SilquestTM 
A-1170 from General Electric. The molecular Weight of the 
fourth component desirably is less than about 2000, more 
speci?cally is less than about 900, and still more speci?cally, 
is less than about 500 (eg about 200, or even about 80). 

The second oligomer can be prepared by combining the 
third component and the fourth component. These ingredients 
can be combined or mixed using any art-disclosed process, 
Wherein such process may including heating steps and cool 
ing steps. Steps to minimize the presence of moisture may 
also be taken, including drying of the monomers, drying of 
any solvents or additives that may be employed, and/ or mix 
ing in a moisture free vesicle. The concentration of the third 
component (isocyanate functional monomer) that is useful in 
this invention is from about 15% to about 85% by Weight, 
based on the total Weight of the second oligomer. Preferably, 
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6 
the concentration of the isocyanate functional monomer is 
from about 35% to about 75% by Weight, based on the total 
Weight of the second oligomer, and more preferably is from 
about 45% to about 65% by Weight. The concentration of the 
fourth component that is useful in this invention is from about 
15% to about 85% by Weight, based on the total Weight of the 
second oligomer. Preferably the concentration of the fourth 
component is from about 30% to about 70% by Weight, based 
on the total Weight of the second oligomer, and more prefer 
ably is from about 35% to about 60%. It is desirable that 
essentially all of the active hydrogen groups of the fourth 
component are reacted in forming the ?rst oligomer. It is also 
desirable that the second oligomer molecules have isocyanate 
groups remaining. Preferably the average number of residual 
isocyanate groups per molecule of the second oligomer is 
greater than about 0.5, more preferably greater than about 0.9, 
and most preferably greater than about 1, (eg about 2). 
As indicated, the ?rst polymer comprises the reaction prod 

uct of the ?rst oligomer and second oligomer. This could be 
the result of reacting the ?rst, second, third and fourth com 
ponents together in a single step, or by separately reacting 
either or both of the ?rst and second components, With either 
or both of the third and fourth components. In one approach 
the ?rst and second components are reacted independently of 
the reaction of the third and the fourth components, and the 
respective resulting ?rst and second oligomers are then 
reacted together. The concentration of the ?rst oligomer is 
preferably from about 15% to 85% by Weight, based on the 
total Weight of the ?rst polymer. More preferably the ?rst 
oligomer is present from about 30% to 75% by Weight, based 
on the total Weight of the ?rst polymer. The concentration of 
the second oligomer is preferably from about 15% to 85% by 
Weight, based on the total Weight of the ?rst polymer. More 
preferably the second oligomer is present from about 25% to 
70% by Weight, based on the total Weight of the ?rst polymer. 
Desirably, the concentrations of the ?rst oligomer and the 
second oligomer are such that there are essentially no isocy 
anate functional groups remaining in the ?rst polymer after 
the ?rst oligomer and the second oligomer are reacted. It is 
also desirable that there be residual amine or hydroxyl func 
tionality, characteristic of the ?rst oligomer, remaining in the 
?rst polymer after the ?rst and second oligomers are reacted. 
The ?rst polymer can be prepared by combining the ?rst 

oligomer and the second oligomer. These ingredients can be 
combined or mixed using any art-disclosed process, Wherein 
such process may including one or more mixing steps, heat 
ing steps or cooling steps. Desirably, steps are taken to mini 
miZe the presence of moisture before, during and after the 
preparation of the ?rst polymer. Such steps may include dry 
ing of the oligomers, drying of any solvents or additives 
Which may be employed, and mixing in a moisture free 
vesicle. It is also desirable to store the ?rst polymer in a 
container essentially free of moisture. 

Desirably, the ?rst polymer has a molecular Weight greater 
than about 1000, and more preferably greater than about 2500 
(e.g., greater than about 10,000). 
The concentration of the ?rst polymer as employed in a 

primer (or other bonding agent) composition desirably is 
greater than about 3% by Weight, based on the total Weight of 
the composition. The concentration of the ?rst polymer pref 
erably is greater than about 7% by Weight, based on the total 
primer (or other bonding agent) Weight and more preferably 
is greater than about 12%. The concentration of the ?rst 
polymer desirably is less than about 60% by Weight, based on 
the total Weight of the overall composition. The concentration 
of the ?rst polymer preferably is less than about 55% by 
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Weight, based on the total composition Weight and more 
preferably is less than about 48%. 
One or more additional amines may be employed in addi 

tion to those identi?ed already. For example, it is possible that 
a (poly)alkleneamine (e.g., a (poly)ethyleneamine) may be 
employed, such as ethylene diamine. Such additional amine 
may be employed in an amount up to about 5% by Weight of 
the overall composition (e.g., about 0.1 to about 1% by Weight 
of the overall composition. 

It is contemplated that a bonding agent composition 
according to the teachings herein further comprises one or 
more liquids, such as a solvent, plasticiZer, diluent, or any 
combination thereof. If employed, the concentration of any 
such liquids is preferably from about 1% to about 80% by 
Weight, based on the total composition Weight and more 
preferably from about 40% to about 70% by Weight. 
Examples of suitable liquids that may be employed in the 
present invention include a hydrocarbon liquid, such as a 
liquid selected from aromatic hydrocarbons, alcohols, 
ketones, esters (e.g., acetates) or a combination thereof. An 
exemplary ketone particularly suitable for the primers of the 
present invention is methyl ether ketone. An exemplary 
acetate particularly suitable for the primers of the present 
invention is 3-methoxy-n-butyl acetate (e.g., Butoxyl). Desir 
ably, the liquid, if employed, may be capable of relatively 
rapid evaporation, alloWing for use of the primer in applica 
tions requiring a short open time. Preferably, the boiling point 
of such ?uids is less than about 1000 C., and more preferably 
less than about 800 C. Examples of suitable solvents Which 
may be employed in the current invention include Without 
limitation those taught in US. Pat. Nos. 4,960,809 and 5,468, 
317, incorporated herein by reference, and include (Without 
limitation) methyl alcohol, ethyl alcohol, isobutyl alcohol, 
2-ethoxyethyl alcohol and diacetone alcohol, methyl ethyl 
ketone, methyl isobutyl ketone, ethyl acetate, isobutyl 
acetate, toluene, xylene, methylene chloride, benZene, 
monochlorobenZene, trichloroethylene, ethylene chloride, 
toluene, acetone, methyl ethyl ketone or any combination 
thereof. Among suitable plasticiZers that may be employed 
are phthalates such as alkyl phthalates. 

In one embodiment of this invention, the bonding agent 
herein may further comprise a ?lm forming resin. Suitable 
?lm-forming resins include polyacrylate resins, epoxy resins, 
polyester resins (polymers of a carboxylic acid and a glycol), 
polyester copolymers, polyvinyl chloride resins, chlorinated 
rubber, ethylene vinyl acetate copolymers, polyacrylate 
copolymers, or any combination thereof. The ?lm forming 
resin is preferably soluble in any solvent used in the compo 
sition. In one preferred embodiment, the ?lm forming resin 
preferably has a molecular Weight of greater than about 3,000 
and more preferably greater than about 5,000. The ?lm form 
ing resin preferably has a molecular Weight less than about 
50,000 and more preferably less than about 30,000. One 
speci?c ?lm forming resin is a polyacrylate resin. An example 
of one particular preferred ?lm forming resin is an acrylic 
copolymer With a hydroxyl equivalent Weight of about 2,000, 
commercially available in solution from Rohm and Haas 
Company as AcryloidTM AU-1033. If employed, the concen 
tration of the ?lm forming resin is preferably less than about 
25% by Weight, and more preferably less than about 18% by 
Weight, base on the total primer Weight. 

It is also contemplated that a composition according to the 
teachings herein may further comprise one or more polymers 
in addition to the ?rst polymer and any ?lm forming resin. 
Examples of such additional polymers, Without limitation, 
include one or more silyl terminated polymers. If employed, 
the concentration of any such additional polymers, based on 
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8 
the total Weight of the overall composition is preferably less 
than about 25%, and more preferably less than about 14%. 
The composition of this invention may further comprise 

one or more stabiliZers Which function to protect the primer 
composition from moisture, thereby inhibiting advancement 
and preventing premature cross-linking of the polymer 
capable of cross-linking in the primer composition. Such 
stabiliZers that may be suitable include those listed in US. 
Pat. No. 6,828,403, incorporated herein by reference. Thus, 
included among such stabiliZers are hydrocarbyl alkoxy 
silanes, such as vinyl trimethoxy silane, diethylmalonate and 
alkylphenol alkylates. Such stabiliZers may be employed in 
their art-disclosed amounts, e.g., about 0.1 to about 5% by 
Weight of the bonding agent composition. Larger or smaller 
amounts are also possible. 

Fillers commonly used in polymers and polyurethane 
primers may be used in the primer compositions of this inven 
tion. For example, a suitable ?ller may include carbon black 
and preferably surface treated carbon black having a pH of 
from about 4 to 6. Other suitable ?llers may be selected from 
titanium dioxide, calcium carbonate, surface treated silica, 
titanium oxide, fumed silica, talc or any combination thereof. 
If employed, the concentration of the ?ller is less than 20% by 
Weight, and more speci?cally is less than about 15% by 
Weight, eg about 9% by Weight of the overall composition. 

It is possible that a primer according to the teachings herein 
further comprises one or more additives, such as an additive 
selected from a catalyst, antioxidant, heat stabiliZer, UV sta 
biliZers, or any combination thereof. Such additives are Well 
knoWn to those skilled in the art. If employed, the concentra 
tion of any such additives, based on the total Weight of the 
primer is preferably from about 0.1% by Weight to about 
10.0% by Weight, and more preferably from about 0.5% by 
Weight to about 5% by Weight. Among preferred heat stabi 
liZers are alkyl substituted phenols, phosphites, sebacates, 
and cinnamates. 

For one illustrative example of the compositions herein, the 
folloWing ingredients are employed in the recited amounts: a 
?rst component of an amine functional alkoxy silane (e.g., 
N-beta-(aminoethyl)-gamma-aminopropyltrimethoxysilane) 
in an amount of about 5 to 15 parts by Weight, and more 
speci?cally about 8 to 10 parts by Weight); a second compo 
nent of an epoxy functional silane (e.g., glycidoxyalkyl tri 
alkoxysilanes) in an amount of about 6 to 16 parts by Weight, 
and more speci?cally about 9 to 11 parts by Weight; a third 
component of a diisocyanate in an amount of about 5 to 15 
parts by Weight, and more speci?cally about 8 to 10 parts by 
Weight); and a fourth component of a mercapto-silane, an 
amino-silane or a combination thereof, in an amount of about 
2 to 10 parts by Weight, and more speci?cally about 5 to 7 
parts by Weight. 

In one speci?c embodiment, one or any combination of the 
folloWing additives are included in the composition about 7 to 
about 15 parts by Weight of a ?lm forming resin (e.g., an 
acrylic co-polymer) and more speci?cally about 10 to 12 
parts by Weight; about 1 to about 8 parts by Weight of a ?rst 
solvent (e.g., an acetate) and about 30 to about 70 parts by 
Weight of a second solvent (e. g., a ketone), and more speci? 
cally about 40 to 60 parts by Weight; and a ?ller (e.g., carbon 
black) in an amount of about 5 to about 12 parts by Weight, 
and more speci?cally about 8 to 10 parts by Weight. Ethylene 
diamine may also be included in an amount of about 0.01 to 
about 5 parts by Weight, and more speci?cally about 0.1 to 
about 1 parts by Weight, and even more speci?cally about 
0.25 to 0.50 parts by Weight. 

Compositions herein are useful in priming a substrate to 
Which an adhesive or other sealant is thereafter applied. 
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Accordingly, one aspect contemplates contacting a substrate 
With the compositions described herein. More speci?cally, 
the compositions herein are useful in methods for securing a 
glass panel to a structure of a vehicle, such as an automotive 
vehicle, Which includes the steps of (a) applying (e.g., by 
using any suitable art-disclosed method, such as sWabbing, 
brushing, spraying, dipping, Wiping, or otherWise) the bond 
ing agent composition of the invention substantially along the 
periphery of one side of the glass panel (e.g., WindoW); (b) 
superimposing on the primer composition a bead of an adhe 
sive (e.g., a moisture-curable urethane adhesive comprising 
an isocyanate-functional prepolymer and dimorpholinodi 
ethyl ether catalyst); and (c) installing the glass panel by 
contacting the sealant (e.g., adhesive) With a vehicle structure 
de?ning an opening into Which the glass panel is to be placed 
and alloWing the adhesive and bonding agent composition to 
cure. The bonding agent herein is intended to be applied onto 
or otherWise contacted With a substrate and later covered With 
a sealant (e.g., an adhesive). Substrates that may be employed 
include non-porous substrates, such as glass (e. g., plate glass, 
glass frit, coated glass, tinted glass, re?ective glass, tempered 
glass, annealed glass, or any combination thereof). The com 
position may be applied to the substrate using any suitable 
method. Prior to applying the composition to the substrate, 
the substrate, may undergo a step or steps to clean, dry or 
otherWise prepare the surface for the primer. Any of a number 
of adhesives or other sealants may be employed. Suitable 
commercial examples include, Without limitation, those 
available from The DoW Chemical Company under the des 
ignation BETASEALTM (e.g., Grade Nos. 15-625, 15-685, 
15-845 or the like). 
The present invention permits the above steps (a) and (b) to 

be separated by a period of longer than 20 seconds and up to 
about 1 year (e.g., up to about 3 or even 6 months) at room 
temperature. More speci?cally, one method of the present 
invention contemplates a step of performing the step (b) at 
least one minute, one hour, one day one Week or even one 
month after step (a) is performed. The step (b) may also be 
performed Within from one minute to three months of step (a), 
or from one hour to one month of step (a). The lapse of time 
betWeen the steps (a) and (b) does not appreciably impact the 
resulting adhesion characteristics of the bonding agent of the 
invention, With resulting bonds still being capable of With 
standing at least 500, 1000, or even 2000 hours of accelerated 
Weathering under a natural sunlight simulator (e. g., a Xenon 
arc light source, such as by use of Weatherometer testing 
(“WOM”) according to SAE J 1885, ASTM D2565-99, SAE 
J 1960 or another suitable standard). The folloWing are addi 
tional techniques that may be used for analyZing performance 
herein, and particularly With reference to expected data of the 
Tables in the folloWing illustrations. 

Quick Knife Adhesion Test: A 6.3 mm (Width)><6.3 mm 
(height)><127 mm (length) siZe bead of adhesive is placed on 
25.4 mm><152.4 mm piece ofa primed glass, and the assem 
bly is cured for a speci?c time under the desired conditions 
(e.g., 23° C. and 50 percent relative humidity). The cured 
bead is then cut With a raZor blade through to the primed 
surface at a 45 degree angle While pulling back the end of the 
bead at 180 degree angle. Notches are cut every 3 mm on the 
surface. The degree of adhesion is evaluated as adhesive 
failure (AF) and/or cohesive failure (CF). In case of adhesive 
failure, the cured bead can be separated from the primed 
surface, While in cohesive failure, separation occurs Within 
the sealant bead as a result of cutting and pulling. In observing 
the failure mode, it is noted over What portion of the interfa 
cial surface area the failure mode is observed. For example, if 
cohesive failure is observed in about 90 percent (%) of the 
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10 
interfacial area, it can be reported as 90 CF. Primer failure 
(PF) is deemed to have occurred if The primer delaminates 
from the substrate (e.g., glass) to Which it is applied. 
Lap Shear Test: An adhesive approximately 6.3 mm Wide 

by 8 mm high is applied along the Width of a glass primed With 
the composition herein and approximately 6 mm to 12 mm 
from the primed end. A painted substrate is immediately 
placed on the sealant and the sample is alloWed to cure at the 
condition of the 23° C. and 50 percent relative humidity for 5 
days. The sample is then pulled at a rate of 1 inch/minute (2.5 
cm/min) With an Instron Tester. 
Open Time Evaluation: Open time is evaluated by observ 

ing performance after applying the bonding agents herein and 
then aging them for a period of time at a desired temperature 
and humidity level. Sealant is thereafter applied to the bond 
ing agent, and any additional aging and adhesion testing is 
performed. 

Cataplasma Cycling: The samples are heating in a Water 
bath at 70° C. for 7 days. The samples are then Wrapped in 
cotton Wool and sealed in a polyethylene bag. Next, the 
samples are placed in a freeZer for 16 hours at —20° C., after 
Which the sample is alloWed to stand at room temperature for 
2 hours. The cycle is repeated multiple times, after Which the 
samples are removed from the bag and subjected to the quick 
knife adhesion test. Desirably, there is no blistering and fail 
ure is cohesive in the sealant layer. 
The folloWing illustrations, Which are not intended to be 

limiting, demonstrate the compositions of the present inven 
tion and certain preferred embodiments thereof. The values 
shoWn are approximate and should not be regarded as limiting 
of the invention. Variations in the processing parameters are 
possible. In addition, the expected results shoWn may vary as 
Well (e.g., by about +/—10% of the stated values). 

For these illustrations, polyurethane sealants having the 
same or similar compositional and/or functional characteris 
tics as BETASEALTM grades 15-625 (sealant #1), 15-685 
(sealant #2), and 15-845 (sealant #3), are employed as the 
sealant. 
A ?rst oligomer is prepared by providing 14.805 parts by 

Weight DAMO-T and mixing it for 5 hours at 60° C. With 
12.208 parts by Weight of Silquest A-187. Mixing is done 
until an amine equivalent Weight can be measured about 
240-250. MEK solvent is added until about 100 total Weight 
parts is obtained. 
A second oligomer is prepared by mixing 60.92 parts by 

Weight TMDI With 38.94 parts by Weight MTMO, 0.07 T-12 
catalyst and 0.07 toluene, for a time of 60 minutes, and at a 
temperature of 85° C. 
The ?rst oligomer (82.796 parts by Weight) and the second 

oligomer (17.204 parts by Weight are mixed at for a time of 
about 15 minutes, and at a temperature of 40-45° C., to result 
in the ?rst polymer. 
The ?rst polymer is then combined With other ingredients 

according to Table 1. Similar results are likeWise believed 
possible by variation of the amounts in Table 1 by +/—15% of 
the stated amounts. 

TABLE 1 

A0 A1 A2 
Wt % Wt % Wt % 

Polymer 1 32.41 32.41 32.41 
Carbon Black 8.27 8.27 8.27 
Acryloid resin 10.31 10.31 10.31 
Butoxyl 3.08 3.08 3.08 
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TABLE 1-continued 

A0 A1 A2 
Wt % Wt % Wt % 

MEK 45.94 45.69 45.81 
EDA (ethylene dialnine) 0.00 0.25 0.13 

Total 100.00 100.00 100.00 

12 
The samples of Table 1 provide the results of the following 

Table 2, When aged as described, and according to the 

sequences described (initial cure for 7 days at 23° C./50% 

Relative Humidity (RH) is further aged for 14 days at 38° 

C./80% RH. In an other condition samples are tested for 

cataplasma cycle. Quick knife adhesion testing is performed, 
unless otherwise stated. 

TABLE 2 

A0 A1 A2 

90 C. Water bath Testing 

on plate glass 15 days ok, 16 days 14 days ok, 15 days 28 days still ok 
sorne PF sorne PF 

on frit 24-8104 28 days still ok 29 days still ok 28 days still ok 
Apply sealants after 20 seconds ofprimer open at 23° C./50% RH on plate glass 
Sealant # 1 

Initial cure for 7 days at 90CF, 10PF 100CF 100CF 
23° C./50% RH 
After initial cured aged for 100CF 100CF 100CF 
14 days @38° C./100% RH 
Cataplasma cycle 70CF, 30PF 100CF 100CF 
2000 hrs Weatherorneter 80CF, 20AF 100CF 100CF 

(WOM) 
Sealant # 2 

Initial cure for 7 days at 100CF 100CF 100CF 
23° C./50% RH 
After initial cured aged for 100CF 90CF, 10PF 100CF 
14 days @38° C./100% RH 
Cataplasma cycle 100CF 100CF 100CF 
2000 hrs Weatherorneter 20AF 90CF, 10AF 100CF 
(WOM) 
Sealant # 3 

Initial cure for 7 days at 100CF 80CF, 20PF 100CF 
23° C./50% RH 
After initial cured aged for 100CF 100CF 100CF 
14 days @38° C./100% RH 
Cataplasma cycle 50CF, 10AF, 40PF 80CF, 20AF 100CF 
2000 hrs Weatherorneter 100CF 100CF 100CF 

(WOM) 
Apply sealants after 20 seconds ofprimer open at 23° C./50% RH on 24-8104 frit glass 
Sealant # 1 

Initial cure for 7 days at 70CF, 30PF 100CF 100CF 
23° C./50% RH 
After initial cured aged for 100CF 100CF 100CF 
14 days @38° C./100% RH 
Cataplasma cycle 100CF 100CF 100CF 
2000 hrs Weatherorneter 90CF, 10AF 100CF 100CF 

(WOM) 
Sealant # 3 

Initial cure for 7 days at 90CF, 10AF 100CF 100CF 
23° C./50% RH 
After initial cured aged for 100CF 100CF 100CF 
14 days @38° C./100% RH 
Cataplasma cycle 100CF 100CF 100CF 
Sealant # 3 

Initial cure for 7 days at 100CF 100CF 100CF 
23° C./50% RH 
After initial cured aged for 50CF, 50AF 90CF, 10AF 100CF 
14 days @38° C./100% RH 
Cataplasma cycle 70CF, 30AF 90CF, 10AF 100CF 
Apply sealants after 20 seconds ofprimer open at 5° C./40% RH on plate glass 
Sealant # 1 

Initial cure for 7 days at 100PF 60CF, 40PF 90CF, 10AF 
23° C./50% RH 

After initial cured aged for 90CF, 10AF 100CF 100CF 
14 days @38° c./100% RH 
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TABLE 2-c0ntinued 

A0 A1 A2 

Cataplasrna cycle 100CF 100CF 100CF 
Sealant # 2 

Initial cure for 7 days at 70CF, 30PF 60CF, 40PF 100CF 
23° C./50% RH 
After initial cured aged for 100CF 100CF 100CF 
14 days @38° C./100% RH 
Cataplasrna cycle 100CF 100CF 100CF 
Sealant # 3 

Initial cure for 7 days at 70CF, 30PF 90CF, 10PF 100CF 
23° C./50% RH 
After initial cured aged for 100CF 100CF 100CF 
14 days @38° C./100% RH 
Cataplasrna cycle 100CF 100CF 100CF 
Apply sealants after 20 seconds ofprirner open at 5° C./ 40% RH on 24-8104 frit glass 
Sealant #1 0CF 40CF, 60PF 100CF 

Initial cure for 7 days at 100CF 100CF 100CF 
23° C./50% RH 
After initial cured aged for 100CF 100CF 100CF 
14 days @38° C./100% RH 
Cataplasrna cycle 
Sealant # 2 

Initial cure for 7 days at 20CF, 80AF 100CF 95CF, SAF 
23° C./50% RH 
After initial cured aged for 100CF 100CF 100CF 
14 days @38° C./100% RH 
Cataplasrna cycle 100CF 100CF 100CF 
2000 hrs WOM 90CF, 10AF 80CF, 20AF 100CF 
Sealant # 3 

Initial cure for 7 days at 70CF, 30AF 100CF 100CF 
23° C./50% RH 
After initial cured aged for 100CF 80CF, 20AF 100CF 
14 days @38° C./100% RH 
Cataplasrna cycle 100CF 100CF 100CF 
Apply sealants after 7 days ofprirner open at 5° C./40% RH on plate glass 
Sealant # 1 

Initial cure for 7 days at 100CF 100CF 100CF 
23° C./50% RH 
After initial cured aged for 100CF 100CF 100CF 
14 days @38° C./100% RH 
Cataplasrna cycle 100CF With SPF on side 100CF 100CF 
Sealant # 2 

Initial cure for 7 days at 80CF, 20AF 90CF, 10AF 100CF 
23° C./50% RH 
After initial cured aged for 100CF 100CF 100CF 
14 days @38° C./100% RH 
Cataplasrna cycle 100CF 100CF 100CF 
Sealant # 3 

Initial cure for 7 days at 90CF, 10AF 80CF, 10AF, 100CF 
23° C./50% RH 
After initial cured aged for 70CF, 30AF 100CF 100CF 
14 days @38° C./100% RH 
Cataplasrna cycle 70CF, 30AF 100CF With 20PF at edge 100CF 
Apply sealants after 7 days ofprirner open at 5° C./40% RH on frit 24-8104 glass 
Sealant # 1 

Initial cure for 7 days at 100CF 90CF, 10AF 100CF 
23° C./50% RH 
After initial cured aged for 100CF 100CF 100CF 
14 days @38° C./100% RH 
Cataplasrna cycle 40CF, 60% smear 100CF 100CF 
Sealant # 2 

Initial cure for 7 days at 100CF 100CF 100CF 
23° C./50% RH 
After initial cured aged for 100CF 100CF 100CF 
14 days @38° C./100% RH 
Cataplasrna cycle 90CF, 10AF 100CF 100CF 
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TABLE 2-continued 

A0 A1 A2 

Sealant # 3 

Initial cure for 7 days at 100CF 100CF 100CF 
23° C./50% RH 
After initial cured aged for 80CF, 20AF 100CF 100CF 
14 days @38° c./100% RH 
Cataplasma cycle 100CF 100CF 100CF 

Primers are applied onto glass. Within the speci?ed open 
time, a sealant is applied. Sealants are applied on the speci?ed 
open time primed glass and then cured for 7 days at 23° 
C./50% RH. The samples are then aged as described in Tables 15 
3-8, With the expected results then reported in the tables. 

TABLE 3 

Adhesion properties for samples With primer open time for 20 seconds at 23° C./50% RH 

Substrate 

Glass Glass Glass Glass Glass Glass Glass Glass Glass 

Primer 

A0 A0 A0 A1 A1 A1 A2 A2 A2 

Adhesive 

Sealant Sealant Sealant Sealant Sealant Sealant Sealant Sealant Sealant 

#1 #2 #3 #1 #2 #3 #1 #2 #3 

Aging Time, 7 7 7 7 7 7 7 7 7 

days 
Aging RT RT RT RT RT RT RT RT RT 

Temperature 
% cohesive 

failure 

specimen 1 100 100 100 100 100 100 100 100 100 

specimen 2 80 100 100 100 100 100 100 100 100 

TABLE 4 

Adhesion properties for samples With primer open for 30 davs @30° C./80% RH 

Substrate 

Glass Glass Glass Glass Glass Glass Glass Glass Glass 
Primer 

A0 A0 A0 A1 A1 A1 A2 A2 A2 
Adhesive 

Sealant Sealant Sealant Sealant Sealant Sealant Sealant Sealant Sealant 
#1 #2 #3 #1 #2 #3 #1 #2 #3 

Age samples 7 days at room temperature 

% cohesive 100 100 20 100 100 100 100 100 100 
failure 

Age samples 14 days at 90° C. 

% cohesive 100 100 60 100 70 100 100 100 100 
failure 

Age samples 14 days at 38° C./100% relative humidity 

% cohesive 100 100 100 100 100 100 100 100 100 
failure 
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TABLE 5 

Adhesion properties for samples With primer open for 60 days @30° C./80% RH 

Substrate 

Glass Glass Glass Glass Glass Glass Glass Glass Glass 

Primer 

A0 A0 A0 A1 A1 A1 A2 A2 A2 

Adhesive 

Sealant Sealant Sealant Sealant Sealant Sealant Sealant Sealant Sealant 

#1 #2 #3 #1 #2 #3 #1 #2 #3 

Age samples 7 days at room temperature 

% cohesive 100 0 0 100 100 100 100 100 100 

failure 

Age samples 14 days at 90° C. 

% cohesive 100 100 70 60 100 100 100 100 100 

failure 

Age samples 14 days at 38° C./100% relative humidity 

% cohesive 100 100 70 100 100 100 100 100 100 

failure 

TABLE 6 

Adhesion properties for samples With primer open for 90 days @30° C./80% RH 

Substrate 

Glass Glass Glass Glass Glass Glass Glass Glass Glass 

Primer 

A0 A0 A0 A1 A1 A1 A2 A2 A2 

Adhesive 

Sealant Sealant Sealant Sealant Sealant Sealant Sealant Sealant Sealant 

#1 #2 #3 #1 #2 #3 #1 #2 #3 

Age samples 7 days at room temperature 

% cohesive 100 50 100 100 100 100 100 100 100 

failure 

Age samples 14 days at 90° C. 

% cohesive 100 100 70 100 100 100 100 100 100 

failure 

Age samples 14 days at 38° C./100% relative humidity 

% cohesive 100 0 100 100 100 100 100 100 100 

failure 
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TABLE 7 

20 

Cataplasma cvcle testing for samples With primer open for 20 seconds 

Substrate 

Glass Glass Glass Glass Glass Glass Glass Glass Glass 
Primer 

A0 A0 A0 A1 A1 A1 A2 A2 A2 
Adhesive 

Sealant Sealant Sealant Sealant Sealant Sealant Sealant Sealant Sealant 
#1 #2 #3 #1 #2 #3 #1 #2 #3 

Test for 1 cataplasma cycles 

% cohesive 100 100 100 100 100 100 100 100 100 
failure 
Blistering some some some none none none none none none 

Test for 2 cataplasma cycles 

% cohesive 80 100 100 100 100 100 100 100 100 
failure 
Blistering slight slight slight none none none none none none 

Test for 3 cataplasma cycles 

% cohesive 100 70 100 50 100 100 100 100 100 
failure 
Blistering slight slight slight none none none none none none 

TABLE 8 

Cataplasma cvcle testing for samples With primer open for 14 days @38O C./100% RH 

Substrate 

Glass Glass Glass Glass Glass Glass Glass Glass Glass 
Primer 

A0 A0 A0 A1 A1 A1 A2 A2 A2 
Adhesive 

Sealant Sealant Sealant Sealant Sealant Sealant Sealant Sealant Sealant 
#1 #2 #3 #1 #2 #3 #1 #2 #3 

Test for 1 cataplasma cycles 

% cohesive 20 100 100 100 100 100 100 100 100 
failure 
Blistering slight slight slight none none none none none none 

Test for 2 cataplasma cycles 

% cohesive 100 70 100 100 100 100 100 100 100 
failure 
Blistering slight slight slight none none none none none none 

Test for 3 cataplasma cycles 

% cohesive 100 100 100 100 80 100 100 100 100 
failure 
Blistering slight slight slight none none none None None none 

The characterizations of chemical structures or chemical 
functionalities are intended to be illustrative and not limiting. 
For example, it is understood that upon reading the above 
description, other chemical structures for the ?rst and second 
oligomers Would be apparent to one skilled in the art. 

While a feature of the present invention may have been 
described in the context of only one of the illustrated embodi 
ments, such feature may be combined With one or more other 
features of other embodiments, for any given application. It 
Will also be appreciated from the above that the fabrication of 
the unique compounds and blends herein and the use thereof 
also constitute processes in accordance With the present 
invention. 
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Unless stated otherwise, plural structural components or 
steps can be provided by a single integrated structure or step. 
Alternatively, a single integrated structure step might be 
divided into separate plural components or steps. However, it 
is also possible that the functions are integrated into a single 
component or step. Moreover, the disclosure of “a” or “one” 
element or step is not intended to foreclose additional ele 
ments or steps. The use of “to” Within a range contemplates 
inclusion of the endpoints of the range Within the range. 

The use of “about” or “approximately” in connection With 
a range applies to both ends of the range. Thus, “about 20 to 
30” is intended to cover “about 20 to about 30”, inclusive of 
at least the speci?ed endpoints. 
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It is understood that the above description is intended to be 
illustrative and not restrictive. Many embodiments as Well as 
many applications besides the examples provided Will be 
apparent to those of skill in the art upon reading the above 
description. The scope of the invention should, therefore, be 
determined not With reference to the above description, but 
should instead be determined With reference to the appended 
claims, along With the full scope of equivalents to Which such 
claims are entitled. The disclosures of all articles and refer 
ences, including patent applications and publications, are 
incorporated by reference for all purposes. The omission in 
the folloWing claims of any aspect of subject matter that is 
disclosed herein is not a disclaimer of such subject matter, nor 
should it be regarded that the inventors did not consider such 
subject matter to be part of the disclosed inventive subject 
matter. 

What is claimed is: 
1. A bonding agent, comprising: from about 3 to 60% by 

Weight of the total bonding agent Weight, of a ?rst polymer, 
the ?rst polymer comprising the reaction product of: 

a) from about 15 to 85% by Weight, based on the total 
Weight of the ?rst polymer, of a ?rst oligomer, Wherein 
the ?rst oligomer comprises the reaction product of: 
i. a ?rst component that includes an epoxy functional 

silane having an epoxy functionality of about 1, and 
ii. a second component that includes monomer having an 

amine functionality greater than 1, 
reacted at a ratio such that the ?rst oligomer contains reac 

tive functional groups selected from primary amine, sec 
ondary amine, hydroxyl or any combination thereof; and 

b) from about 15 to 85% by Weight, based on the total 
Weight of the ?rst polymer, of a second oligomer, 
Wherein the second oligomer comprises the reaction 
product of 
i. a third component that includes a monomeric isocy 

anate having functionality of greater than about 1.9, 
ii. and a fourth component that includes a monomer 

having an active hydrogen, Which can react With the 
isocyanate, 

Wherein the ?rst oligomer and the second oligomer are 
reacted in a ratio such that the second oligomer contains 
reactive isocyanate functionality; and the ?rst polymer is 
substantially devoid of free isocyanate functionality; 

Wherein the bonding agent is a one-component composi 
tion that exhibits an open time of at least 30 seconds. 

2. The bonding agent of claim 1 Wherein the ?rst compo 
nent is an epoxy functional silane selected from glycidoxy 
alkyl trialkoxysilanes, beta-(3,4-epoxycyclohexyl) ethyltri 
methoxysilane or a combination thereof, the second 
component is selected from a polyol or an amine functional 
monomer selected from the group comprising of an alkyl 
diamine, an aryldiamine, an alkoxydiamine, an amine func 
tional alkoxy silane, and any combination thereof, the third 
component is selected from trimethyl diisocyanatohexane, 
diphenylmethane diisocyanate, isophorene diisocyanate, 
hexamethylene diisocyanate, toluene diisocyanate or any 
combination thereof, the fourth component is selected from a 
mercapto-trialkoxy-silane, an amino-trialkoxy silane or a 
combination thereof, or combinations thereof. 

3. The bonding agent of claim 1, Wherein the amine func 
tional monomer is selected from gamma-aminopropyltri 
ethoxysilane, gamma-aminopropyltrimethoxysilane, N-beta 
(aminoethyl)-gamma-aminopropyltrimethoxysilane, a 
triaminofunctional silane, N-beta-(aminoethyl)-gamma-ami 
nopropylmethyldimethoxysilane or any combination thereof. 

4. The bonding agent of claim 1, Wherein the ?rst compo 
nent includes gamma-glycidoxypropyl trimethoxysilane, the 
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second component includes N-beta-(aminoethyl)-gamma 
aminopropyltrimethoxysilane, the third component includes 
trimethyl diisocyanatohexane, and the fourth component 
includes mercaptopropyl trimethoxysilane. 

5. The bonding agent of claim 4 further comprising one or 
more additives selected from the group consisting of an 
acrylic copolymer ?lm forming resin, butoxyl, carbon black, 
ethylene diamine, and a solvent. 

6. The bonding agent according to claim 1 Wherein the 
fourth component includes a monomer having a single active 
hydrogen. 

7. The bonding agent according to claim 1 further compris 
ing from about 0.1 to 5% by Weight of the overall bonding 
agent composition of a (poly)alkylene amine. 

8. The bonding agent according to claim 1 further compris 
ing up to about 25% by Weight of the overall bonding agent 
composition of a silyl terminated polymer. 

9. The bonding agent according to claim 5 comprising 
surface treated carbon black having a pH or from about 4 to 
about 6. 

10. The bonding agent of claim 7, Wherein the (poly)alky 
lene amine is ethylene diamine. 

11. The bonding agent of claim 10, further comprising up 
to about 25% by Weight of the overall bonding agent compo 
sition of a ?lm forming resin. 

12. The bonding agent of claim 11, further comprising less 
than about 20% by Weight of the total bonding agent Weight, 
of a ?ller. 

13. The bonding agent of claim 12, further comprises up to 
about 80% by Weight of the total bonding agent composition 
Weight, of a solvent. 

14. The bonding agent of claim 10, Wherein the ?lm form 
ing resin is a polymer selected from a polyacrylate resins, 
epoxy resins, polyester resins, polyester copolymers, polyvi 
nyl chloride resins, chlorinated rubber, ethylene vinyl acetate 
copolymers, polyacrylate copolymers, and any combination 
thereof. 

15. A method of bonding a glass panel to a vehicle struc 
ture, comprising the steps of (a) applying a bonding agent 
comprising from about 3 to 60% by Weight of the total bond 
ing agent Weight, of a ?rst polymer, the ?rst polymer com 
prising the reaction product of (A) from about 15 to 85% by 
Weight, based on the total Weight of the ?rst polymer, of a ?rst 
oligomer, Wherein the ?rst oligomer comprises the reaction 
product of (i) a ?rst component that includes an epoxy func 
tional silane having an epoxy functionality of about 1, and (ii) 
a second component that includes monomer having an amine 
functionality greater than 1 , reacted at a ratio such that the ?rst 
oligomer contains reactive functional groups selected from 
primary amine, secondary amine, hydroxyl or any combina 
tion thereof; and (B) from about 15 to 85% by Weight, based 
on the total Weight of the ?rst polymer, of a second oligomer, 
Wherein the second oligomer comprises the reaction product 
of (i) a third component that includes a monomeric isocyanate 
having functionality of greater than about 1 .9, (ii) and a fourth 
component that includes a monomer having an active hydro 
gen, Which can react With the isocyanate, Wherein the ?rst 
oligomer and the second oligomer are reacted in a ratio such 
that the second oligomer contains reactive isocyanate func 
tionality; and the ?rst polymer is substantially devoid of free 
isocyanate functionality; and Wherein the bonding agent is a 
one-component composition that exhibits an open time of at 
least 30 seconds substantially along the periphery of one side 
of a glass panel (b) superimposing on the bonding agent 
composition a bead of an adhesive; and (c) installing the glass 
panel by contacting the adhesive With a vehicle structure 
de?ning an opening for receiving the glass panel. 
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16. The method according to claim 15 wherein the fourth 
component includes a monomer having a single active hydro 
gen. 

17. The method according to claim 15 Wherein the bonding 
agent further comprises from about 0.1 to 5% by Weight of the 
overall bonding agent composition of a (poly)alkylene amine. 

18. The method according to claim 15 Wherein the bonding 
agent further comprises up to about 25% by Weight of the 
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overall bonding agent composition of a silyl terminated poly 
mer. 

19. The method according to claim 15 Wherein the bonding 
agent further comprises surface treated carbon black having a 

5 pH or from about 4 to about 6. 


